colorimetric and fluorimetric determination of amines. In the presence of an appropriate base, ,3,5-trinitrobenzene condenses with nitromethane to give a red Meisenheimer-type complex which allows determination of alkylamines and quaternary ammoniums. The nobility of the hydrogen atom (or atoms) bonded to the amino nitrogen atom of primary and secondary alkyl-and arylamines, allows derivatives which permit general or selective determinations. Primary and secondary alkyl-and arylamines are so estimated through the formation of N-substituted derivatives of p-nitrophenylazobenzamide or of 2,4-dinitroaniline (according to another procedure, only primary aklylamines afford the latter derivatives). Primary alkyl-and arylamines react with succinic dialdehyde to give a pyrrole derivative which is then developed with p-dimethylaminobenzaldehyde and they also yield fluorescent derivatives with fluorescamine. Primary and secondary alkylamines produce fluorescent 4-amino derivatives with 7-nitrobenzofurazan. Secondary alkylamines are selectively determined as N-substituted derivatives of 2-chloro-3-(2-aminoethenyl)-5,6-dicyano-1,4-benzoquinone, or of 4-amino-or 4,5-diamino-1,2-benzoquinone. Only primary arylamines condense with glutaconic dialdehyde to yield a colored Schiff's base. Diazo coupling with p-nitrophenyldiazonium ion allows the estimation of all classes of arylamines. Tertiary aklylamines and quaternary ammoniums develop a color with cis-aconitic anhydride in the presence of acetic anydride, whereas only tertiary aklylamines develop a fluorescence with a mixture of aconitic acid and acetic anhydride. INTRODUCT 
ION
Numerous methods of colorimetric and fluorimetric determination of amines have been desscribed in the literature. A definite reaction has often given rise to various procedures. A number of these methods are recommended which have been checked in the authors' laboratory and are considered reliable. In the colorimetric determinations described, Beer's law is obeyed at least up to the absorbance value of 0.8. For the fluorimetric determination, a linear relationship is observed within the limits given. Smaller amounts of compounds can, however, sometimes be determined but then the linear relationship does not necessarily hold.
In all cases, the compounds given under Results, as well as the compounds which are given as reacting only weakly or not at all were the only compounds tested. Therefore, no reaction should be considered selective or limited to the compounds listed. It was not possible to test the hundreds of known amino compounds which are described in the literature; many of them interest only a few specialists, and some simple compounds were selected in order to illustrate the sensitivity of the procedures.
All the reagents used were of analytical grade, the solvents of reagent grade, and the water distilled. For all reagents in solution, the concentration is always expressed in v/w if the solute is a solid, and in v/v if it is a liquid. Unless otherwise stated, solutions of acids, bases and salts are always aqueous. For the sake of brevity, the limits within which a given temperature or a given time should be observed were not specified for each of the methods.
Temperature: "Heat at t° C," means the temperature should be maintained at t + 10 C. "Room temperature" means the temperature is within the range of 18-24° C. Time: "Let stand for x mm" or "Heat for x mm," means x mm + 5%.
"Let stand for x mm and read" means start with reading after x mm + 5%. The absorbance is always read against the reagent blank. Free amines: To 0.20 ml of sample solution in ethanol, add 0.20 ml of reagent, mix, and let stand for 90 a at room temperature. Dilute with 3.0 ml of nitromethane and measure the absorbance at 565 nm.
2.
Hydrohalides and halides: To 0.20 ml of sample solution in ethanol, add approximately 5 mg silver oxide and 0.20 ml of reagent. Shake the tube for 2 mm with an even oscillating motion and dilute with 3.0 ml of nitromethane. Decant, and measure absorbance immediately at 565 nm (the solid phase settles out easily; no filtration is necessary).
Results
Sample size (1lg) for A = 0.30
Free amines n-Butylamine 6. Reaction with P-nitrophenylazobenzoyl chloride (3) Formation of an amide. The excess reagent is destroyed with hydrogen peroxide and the orangered color developed in alkaline medium:
Chemicals Dimethyl sulfoxide, dioxane, a 30% aqueous solution of hydrogen peroxide, a 40% solution of benzyltrimethylammonium hydroxide in methanol and p-nitropheylazobenzoyl chloride.
Reagents
1. An 0.01% solution of p-nitrophenylazobenzoyl chloride in dioxane. 2. Dilute 2.0 ml of 30% aqueous solution of hydrogen peroxide to 100 ml with dimethyl sulfoxide.
3. Immediately before use, dilute 1.0 ml of 40% solution of benzyltrimethylammonium hydroxide in methanol to 100 ml with dimethyl sulfoxide.
Method
To 2.0 ml of sample solution in dioxane, add 1.0 ml of Reagent 1 and let stand at room temperature for 15 mm in the dark. Add 0.50 ml of Reagent 2, 2.0 ml of Reagent 3, mix and measure the absorbance at an appropriate wavelength.
Results
A Max. Positive reaction is also given by piperidine (A = 0.30 for 18 tg) and morpholine (A = 30 for 11 tg). Sensitive results are also obtained with pyrrolidine, but Beer's law is not followed. Arylamines and primary and tertiary alkylamines practically do not react, but primary alkyl-amines interfere with the determination.
2.
Reaction with pyrocatechol and silver oxide ( Free amines: To 0.50 ml of sample solution in acetone, add 1.0 ml of reagent and about 2 mg of silver oxide. Shake for a few seconds and let stand for 10 mm. Add 2.0 ml of acetone, decant (filtration is not necessary), and measure the absorbance at 510 nm.
Hydrochlorides: To 0.50 ml of aqueous solution of the amine hydrochloride, add 1.0 ml of reagent, 2.0 ml of acetone, and about 2 mg of silver oxide. Shake for a few seconds and let stand for 1 h. Decant (filtration is not necessary) and measure the absorbance at 510 nm.
Results
Samples size (pg) for A = 0.30
(1 cm -cell) Primary and secondary aklylamines do not react.
H. TERTIARY AKLYLAMINES (Fluorimetry)
Reaction with aconitic acid and acetic anhydride (16) The mechanism of the reaction is not known. The product exhibits green fluorescence. Chemicals Acetone, ethyl acetate, methylene chloride, aconitic acid, and acetic anhydride. Reagent Dissolve 0.250 g of aconitic acid in 2.5 ml of acetone, add 1.0 ml of acetic anhydride. Heat to 40°C for 20 mm, allow to cool, add 40 ml of methylene chloride, shake, chill for 5 mm in ice water, filter, and dilute to 50 ml with methylene chloride. This reagent is stable for several hours. The aconitic acid should be completely colorless. If necessary, recrystallize from acetic acid.
Method
Operate protected against light. To 4.0 ml of sample solution in ethyl acetate, add 0.20 ml of reagent. Mix and measure the absorbance within 5 mm at excitation 405 nm, and at emission 485 nm.
Results
Determination limits (ig) Tri-n-butylamine 2.0 -10.0 
